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Abstract 

Hazard and Operability (HAZOP) study is the most 
widely used methodology in the world as a tool for 
hazards identification. Sulfur recovery unit (SRU) 
is one of the most important parts of gas 
purification process where the acid gas in the form 
of H2S is converted to liquid elemental sulfur. This 
paper presents a hazard evaluation for the converter 
sections using HAZOP procedure. All of the 
deviations were considered by HAZOP team and 
the recommendations were suggested to reduce the 
likelihood of consequences that mostly were 
related to the environmental risk. The efficiency of 
SRU is strongly associated with the performance of 
converters. Decrease in efficiency of SRU can lead 
to more SO2 emission and environmental pollution. 
Efficiency drop is the most important consequence 
of entrance of excess air into catalytic converters. 
Purging, double block and bleed systems should be 
installed and commissioning procedure should be 
performed completely. 

 

Introduction  
Many accidents have occurred because small local 
modifications had unforeseen. Exciting hazards of 
system that has the potential for causing harm to 
people, property or the environment must be 
identified. Every successful risk management 
needs to identify and analyze possible scenarios 
that can cause accidents with different degrees of 
severity. Without a structured identification system, 
hazards can be overlooked, so entailing incomplete 
risk-evaluations and potential loss [1-3]. Air 
pollution has severe effect on human health and 
environmental ecosystem. Statistical reports of air 
pollution show that the quantity of industrial 
pollution is too high in the developing country 
especially in Asia region [4]. There is a major 
challenge to reduce the negative environmental 
effects of the economic development needed to 
provide better standards of living in this part of the 
world. Some studies have been carried out on 
hazard identification process using HAZOP 
methodology which is published in major journals 
and conference proceedings but there is not any 
study on sulfur recovery unit [5-10]. In the present 

paper the HAZOP procedure was used to hazard 
evaluation for converters of Sulphur Recovery Unit 
(SRU) of Shahid Hashemi Nejad gas Purification 
Company in the north east of Iran. Since each SRU 
by Claus process has the converter section and 
relevant hazard of this section is alike, the result of 
this study can be useful for similar units [11]. 
 

Hazard Identification 
The first stage of risk management is Hazard 
Identification. With the risk understanding the 
management will be better equipped to evaluate 
and select risk management option. Hazard 
analysis is used to determine system risk, to 
determine the significance of hazards and to 
establish design measures that will eliminate or 
mitigate the identified hazards. Hazard 
identification methodologies can be sorted out in 
two principal groups, qualitative and quantitative. 
There are a number of hazard identification and 
hazard analysis method available, which can either 
be qualitative or quantitative in nature. Qualitative 
methods include Checklist, What-If review, Hazard 
an Operability review (HAZOP), Preliminary 
Hazard Analysis (PHA), Failure Mode Analysis 
(FMA) and etc. Quantitative methods include 
Event Trees Analysis (ETA), Fault Trees Analysis 
(FTA), Failure Mode and Effects Analysis (FMEA) 
and etc. Output data of each methodology can be 
qualitative like recommendations or quantitative 
like index of risk level [12-14]. The cost of 
performing the hazard identification step depends 
on the size of the problem and the specific 
techniques used.  HAZOP analyses and FMEA 
involve many people and tend to be more 
expensive but, you can have greater confidence in 
the exhaustiveness of HAZOP and FMEA 
techniques their rigorous approach helps ensure 
completeness [15]. 
 

HAZOP Procedure 
A HAZOP study is a systematic technique to 
identify potential hazard and operating problems. 
The concept involves investigating how the plant 
might deviate from the design intent. The basis for 
HAZOP was laid by Institute of Chemical Industry 
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(ICI) in 1963 and was based on so-called “critical 
examination” techniques. Although the HAZOP 
analysis technique was initially developed and used 
only by ICI, it became more widely used within the 
chemical process industry after the Flixborough 
disaster in which a chemical plant explosion killed 
28 people [2, 16-19]. At first the aim of HAZOP 
was to eliminate any sources leading to major 
accidents of chemical industries. However, over the 
years, HAZOP’s application was readily extended 
to other types of facilities. This extension is related 
to its success in identifying hazards and also 
operational problems. Thus, HAZOP was adopted 
for medical diagnostic systems, road-safety 
measures and hazard analysis in photovoltaic 
facilities among others [19]. This development 
illustrates how HAZOP has become considered as 
a fundamental technique to improve safety level of 
various systems. The HAZOP study method is the 
term applied to a detailed method for systematic 
examination of a well-defined process or operation, 
either planned or existing. The HAZOP analysis 
procedure involves taking a full description of a 
process/system such as a Piping and 
Instrumentation Diagram (P&ID) [or an 
Engineering Line Diagram (ELD)] and 
systematically questioning every part of it to 
establish how deviations from the design intent can 
arise. A HAZOP team consists of a leader, and 
members with varying backgrounds and expertise. 
The basic team for a process plant can be Project 
engineer, commissioning manager, process 
engineer, instrument/electrical engineer and safety 
engineer. The HAZOP team break facility down 
into manageable sections ("Nodes'') for better and 
more systematic consideration. Every node is 
examined systematically normally line by line 
using guide words. The guide words are the simple 
words (such as “No”, “Low”, etc.) which are 

combined with the operational parameter (such as 
pressure, temperature, etc.) to generate the 
deviations. Each deviation is considered by 
recording all of possible causes, related 
consequences and safeguards. Finally remedial 
recommendations are suggested to improve the 
weakness of the safeguard or system safety, for the 
cases which the safeguards did not satisfy the team 
[1, 20-22]. Since the HAZOP procedure is time 
consuming and documentation without any 
software is too difficult, using of computer 
program has been suggested to make the study 
easier. A numbers of computers programs such as 
HAZTEK, HAZOP-PC, PHA-pro and CAHAZOP 
are now available for recording the results of 
HAZOP studies as they arise. Worksheets of these 
programs provide a brief report of the HAZOP 
study including deviations, possible causes, related 
safeguards and recommendations. It is clear that a 
scale of risk can be created from the resulting 
products of frequency and consequence. One 
popular way to represent the scale of risk is by the 
means of a simple chart that is widely known as a 
risk matrix [20]. Indeed the risk matrix indicates 
the priority of recommendations. In this study 
different risk matrixes including personnel, 
ecological and asset have been used to more 
accurate risk identification. Each of matrixes that 
are mentioned has specific definition of their 
arrays. The definition of risk matrix elements is 
shown in the Tables 1 to 4. The abbreviations of 
“S”, “L” and “RR” in the HAZOP tables are 
referred to the severity, likelihood and risk ranking 
respectively. The risk matrix can be linked to the 
causes or consequences. In this study risk matrix 
was linked to the consequences of deviations. It is 
recommended to rate the Severity i.e. the 
Consequence based upon no Safeguards being 
present. 

 

Table1 RiskMatrix 

S 
E 
V 
R 
I 
T 
Y 

4 8 12 16 

3 6 9 12 

2 4 6 8 

1 2 3 4 

L I K E L I H O O D 

 
Table 2 definition of risk ranking 

Risk Ranking Type of risk Description 

1, 2, 3 Acceptable No risk control measures are needed 
4, 6 Acceptable with 

control 
Risk control measures are in place 

8, 9 Not desirable Risk control measures should be introduced 
within a specified time period 

12, 16 Unacceptable Risk control measures should be introduced 
at the earliest opportunity 
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Table 3 definition of likelihood 

Likelihood Description 

1 Not expected to occur during facility life 

2 Could occur once during facility life 

3 Could occur several times during facility life 

4 Could occur on an annual basis (or more often) 
 

 

Table4 Severity description 

 

 

4. Catalytic Converters Section of Sulfur 

Recovery Unit 
Sulfur recovery involves the conversion of a 
poisonous waste by-product of natural gas treating 
operation into saleable sulfur and relatively 
innocuous off-gas suitable for discharge to the 
atmosphere. The SRU has capacity to treat acid gas 
containing up to about 700 t/d sulfur equivalent as 
H2S in the form of liquid elemental sulfur. About 
54% of the total sulfur yield is formed as elemental 
sulfur vapor in the reactor furnace. The converters 
are the fixed bed reactors where the remaining 46% 
of sulfur yield (mostly in the form of SO2 and H2S) 
are recovered from process gas. SRU contain 3 
converter plant stages. The process of sulfur 
recovery by Claus process is shown in Fig. 1 
schematically. Converters must always be operated 
at temperature above the sulfur dew point and 
maximum amount of sulphur must be recovered at 
each stage. For stage 1 the process gas from 
upstream is reheated by the hot by-pass gas to 
maintain required inlet temperature to the catalytic 
converter. For stage 2 and 3 the process gas 
reheated by inline burners by burning fuel gas. The 
temperature control loop was designed to set the 
temperature of process gas above the sulfur dew 
point. The main reaction in each stage is shown in 
Eq.1: 
 

22
3

222 OO2HSOS2H +→←+  (1) 

 
The efficiency of SRU is strongly associated with 
the converters sections. Decrease in efficiency of 
SRU can lead to more SO2 emission and 
environmental pollution. The majority of SO2 
released into the atmosphere comes from coal 
burning power plants, petroleum and gas refineries 
[23]. Many of the potential dangers resulting from 
the release of SO2 in the air are directly related to 
how it reacts with other materials.  One danger is 
the formation of acid rain, which can damage plant 
and animal life as well as damage buildings and 
monuments. SO2 also causes potential human 
health respiratory and cardiovascular problems for 
people who have heart or lung disease or asthma 
[24, 25]. There is evidence for increased 
respiratory symptoms (persistent cough, phlegm 
and asthma) or increased bronchial responsiveness 
among children and young adults [26]. The 
Environmental Protection Agency (EPA) currently 
has a 3-hour, 24-hour, and annual standard for SO2 
set at 550 parts per billion (ppb), 145 ppb, and 35 
ppb respectively [27].  These standards are subject 
to change as updated scientific information is 
obtained on the affects of this pollutant on human 
health. The HAZOP study of converters consists of 
two parts including operational hazard of 
converters and start-up/shut-down hazards. At least 
20 possible deviations have been considered. 

 

SEVERITY 1 2 3 4 

Risk 
Matrix 

Personnel 
Minor, first aid 
required. 

Injuries or illness 
requiring 
hospitalization.(48 hr) 
 

Permanent disability 
and need to 
hospitalization. 
 

One fatality or death 
more. 
 

Ecological 
Limited to site, 
dispersed quickly 
by natural means. 
 

Spread out over an 
adjacent site but short 
term impact. 
 

Medium term 
pollution affecting 
through the refinery. 
 

Widespread to the 
large area with 
severe pollution. 
 

Asset Less than 20000$ Less than 100000$ Less than 500000$ More than 500000$ 
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Fig1. The process of sulfur recovery 

 

Results and Discussion 
Based on HAZOP results, more than 35% of 
deviations had high risk ranking. All of the 
deviations were considered by HAZOP team and 
the recommendations were suggested to reduce the 
likelihood of consequences that mostly were 
related to the environmental risk. In the start-up 
procedure some deviations (such as entrance of 
excess air into the reactors) can lead to raising 
temperature of catalyst bed and subsequently sulfur 
firing is imminent. In this study HAZOP team 
focused on the start-up/shut-down and pre-
commissioning procedures. To achieve a high 
efficiency sulfur recovery operation, it is essential 
to have the correct performance of burners and 
catalytic converters. Principal causes of high 
temperature, No/Low Flow of combustion air and 
Loss of Performance deviations with high risk 
ranking are described in tables 5 to 8. The 
advantage of using the HAZOP tables is that the 
reader can better analyze the causes and 
consequences of deviations. In these tables risk 
ranking of each consequence has been determined 
in order to better demonstrate its importance. One 
of the frequently problems in this section is Failure 
of control valves or any elements in its control loop 
that adjust its set point to close more. Problem in 
the instrumentation and the Solenoid part of these 
valves has been detected as the main reason of 
failure. To prevent control valve problem 

(considering impossibility of control valve 
replacement) annual megger test of solenoids and 
changing the fuse before expiration date has been 
suggested. Inline burners have been used to keep 
the temperature of process gas above the sulfur 
dew point. One of the most common Claus catalyst 
deactivation mechanisms is pore plugging by 
means of sulfur capillary condensation. Decrease 
or less duty in the performance of these auxiliary 
burners can lead to catalyst deactivation and 
subsequently severe damage to environment. The 
highest calculated risk level related to pre-
commissioning process and start-up/shut down 
hazard of converters section. Exciting hazard of 
pre-commissioning and start-up/shut-down 
procedure for converters and burners are described 
separately in tables 8 to 10. Entrance of excess air 
and soot from inline burner can lead to efficiency 
drop of converters. According to the HAZOP study 
purging, double block and bleed systems and 
oxygen analyzer should be installed, 
commissioning procedure should be performed 
completely and the nitrogen plant should be built. 
The results demonstrate that any deviation in 
operation of SRU plant has a severe effect on the 
environment. In the worksheet of HAZOP “same as 
above” expression has been used for the cases that 
the consequences and safeguards was the same but 
the possible causes was different. 

 

Table 5 High Risk Ranking Part of HAZOP Study of Converter Sections 

Deviation: No/Low Flow of combustion air 

Type: Burner; Line; Control Valve; Instrumentation & Control  

Design Conditions/Parameters: Net  delta in Normal Mode : 6.03*106 BTU/hr, in The Start Up Mode : 8.73*106 BTU/hr  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 
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Deviation: No/Low Flow of combustion air 

Type: Burner; Line; Control Valve; Instrumentation & Control  

Design Conditions/Parameters: Net  delta in Normal Mode : 6.03*106 BTU/hr, in The Start Up Mode : 8.73*106 BTU/hr  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 

1. Failure of FCV 206 or any 
elements in its control Loop 
that adjust its set point to close 
more. 

Pressure decrease in burner 
& flame put out 
subsequently burner and 
plant shut down. 

1. BA 206 1 3 3 3 3 9 2 3 6 Annual megger test of 
solenoids. 

2. FAL 206A Change the fuse before 
expiration date. 

3. FALL 206 

4. FSLL 206 

5. TAL 229 

6. TI 228 

2. Decreased/cut off 
combustion air flow from 
upstream due to any reason. 

Same as above. 
           

 

Table 6 High Risk Ranking Part of HAZOP Study of Converter Sections 

Deviation: Loss of Performance 

Type: Reactor; Line; Instrumentation & Control  

Design Conditions/Parameters: 15 Psig @750°F  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 

Entrance of excess air and 
soot from inline burner. 

Catalyst deactivation that 
lead to reactor efficiency 
drops and decreasing Rate 
of conversion, and also loss 
of energy and material. 

All of TE in 
the converter 

1 4 4 3 4 12 3 4 12 Install online Oxygen 
analyzer on the inline 
burner. 

Provide the proper 
adjust for remote 
control. 

 
 

Table 7 High Risk Ranking Part of HAZOP Study of Converter Sections 

Deviation: Low Temperature 

Type: Reactor; Line; Instrumentation & Control  

Design Conditions/Parameters: 15 Psig @750°F  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 

1. Entrance of feed with lower 
temperature in upstream due 
to any reason. 

1. Formation of liquid 
sulfur on the catalyst bed, 
in the worst case decrease 
rate of reaction. 

1. TAL 229           

2. TIC 229 

3. All of TE in 
the converter 

2. Decrease or less duty in the 
inline burner. 

1. Sulfur condensation on 
the active surface of 
catalyst bed which can lead 
to converter efficiency 
drop. 

1. TAL 229 1 4 4 3 4 12 3 4 12 Retrofit and revision of 
inline burner 
performance. 2. TIC 229 

2. Limitation of gas 
receiving. 

3. All of TE in 
the converter 

         

Less heat generating in reactor 
due to decreasing of catalyst 
activity. 

Same as above. 
           

 
 

Table 8 High Risk Ranking Part of HAZOP Study of Converter Sections 
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Deviation: Start-up/Shutdown Hazards (part 1) 

Type: Burner; Line; Control Valve; Instrumentation & Control 

Design Conditions/Parameters: Net  delta in Normal Mode : 6.03*106 BTU/hr,  in The Start Up Mode : 8.73*106 BTU/hr 

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 

1. Entrance of fuel to inline 
burner due to instrumentation 
and maintenance (valve 
passing) or human error. 

Explosion is possibility. Block valve 

4 4 16 4 4 16 4 4 16 Add double Block and 
Bleed system. 

Add analyzer to detect 
the fuel and... 

2. Inline burner shutdown 
due to any reason at normal 
mode 

Air blower shutdown that 
lead to unit shutdown.  

 1 4 4 3 4 12 2 4 8 Consider to check that 
the pre-commissioning 
procedure for delay timer 
will be carrying out for 
inline burner in normal 
mode. 

3. Possibility of inline burner 
be in service in the timer set 
and no cut off acid gas in 
duration of timer. 

Explosion is possibility. 
 3 4 12 1 4 4 3 4 12 Execute the timer 

procedure. 

 
 

Table 9 High Risk Ranking Part of HAZOP Study of Converter Sections 

Deviation: No Ignition (in Pre-Commissioning & Commissioning). 

Type: Burner; Line; Control Valve; Instrumentation & Control  

Design Conditions/Parameters: : Net  delta in Normal Mode : 6.03*10
6
 BTU/hr, in The Start Up Mode : 8.73*10

6
 BTU/hr  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L RR 

1. Humidity around ignitor. Explosion is possibility. 

 
2 4 8 2 4 8 3 4 12 

Purging System 
Should be Installed. 

Commissioning 
Procedure must be 
performed completely. 

Change the type of 
ignitor (the ignitor 
must be worked in the 
humid condition...). 

2. Louse connection. Same as above.  2 4 8 2 4 8 3 4 12 Same as above. 

 
 

Table 10 High Risk Ranking Part of HAZOP Study of Converter Sections 

Deviation: Start-up/Shutdown hazards (part2) 

Type: Reactor; Line; Instrumentation & Control  

Design Conditions/Parameters: 15 Psig @ 750°F  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 

1. Existence of excess air (in 
pre-commissioning mode shut 
down of any equip don't lead 
to air blower shutdown and 
this is the first cause of 
entrance excess air to 
converter, and the second 
cause is related to problem in 
control system and 
calibration). 

1. Catalyst deactivation that 
lead to reactor efficiency 
drops and decreasing rate of 
conversion, and also loss of 
energy and material (high 
temperature due to sulfur 
burning). 

 1 4 4 3 4 12 3 4 12 Commissioning 

Procedure must be 
performed completely. 

2. Failure of thermocouple. 1 4 4 1 4 4 2 4 8  

3. Failure of mesh pad. 
1 2 2 1 2 2 1 2 2 Improve control 

system (pneumatic to 
DCS system) 
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Deviation: Start-up/Shutdown hazards (part2) 

Type: Reactor; Line; Instrumentation & Control  

Design Conditions/Parameters: 15 Psig @ 750°F  

Causes Consequences Safeguards 

Personnel Ecological Asset 

Recommendations 
S L 

R
R 

S L 
R
R 

S L 
R
R 

2. High temperature especially 
in burn off and curing 
procedure. 

1. Same as above.           Built nitrogen plant 
(over 99% purity). 

2. Corrosion due to 
condensing LP steam. 

1 4 4 1 4 4 3 4 12 Add oxygen analyzer. 

3. Decreasing in air to fuel 
ratio (this cause is related to 
problem in control system and 
calibration). 

Entrance of soot to catalyst 
bed that lead to increasing 
DP and feed of unit is 
decreased. 

 1 4 4 1 4 4 2 4 8 Add oxygen analyzer. 

Improve Control 
system(pneumatic to 
DCS system) 

Built nitrogen plant 
(over 99% purity). 

 

 
Conclusion 
The most important feature of HAZOP is that the 
most aspects of process are painstakingly 
examined. The principle weakness of HAZOP is 
that the study only considers the parts or activities 
which appear on the design representation. If they 
are not on the drawing they are not considered. 
Another disadvantage is that procedure is very time 
consuming and costly. Some new methodologies of 
safety and operability analysis have been presented 
to improve weakness [10, 28]. The basis of these 
methodologies is the combine of mathematical 
modeling with a standard hazard identification 
method (HAZOP). The application of 
mathematical modeling into the HAZOP study can 
potentially be able to improve the weakness of 
HAZOP about unexpected deviations and time 
consuming problems. Improvement of system or 
operation reduced risk and better contingency are 
HAZOP results. So performing the 
recommendations of HAZOP study is obligatory. 
Two principle causes of efficiency drop are the 
entrance of excess air into converters and sulfur 
condensation on the catalyst bed. The most 
important consequence of these causes is catalyst 
deactivation. Improvement in catalyst performance 
under deactivation conditions (due to sulfur 
condensation) has been investigated by employing 
a mathematical model based on effectiveness factor 
calculation [29]. The most safety problems of SRU 
are related to the environmental issues. Any 
deviation in SRU can lead to environmental 
contamination. Pollution of SRU can be controlled 
by maximum sulfur recovery from the Claus unit. 
Each codes number more than 8 in the risk 
matrixes shows high risk ranking and should be 
reduced to the acceptable risk range at the specific 
time.  Consequence modeling is suggested for 

feature study on this section to increase system 
safety level as next step of risk management. 

Keywords 
Converter, HAZOP, Hazard Identification, Sulfur 
Recovery Unit, SO2 Contamination. 
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Nomenclature 
BA Burner Alarm 
DCS Distributed  Control  System 
FAL Flow Alarm Low 
FALL Flow Alarm Low Low 
FSLL Flow Switch Low Low 
FCV Flow Control Valve 
TAL Temperature Alarm Low  
TALL Temperature Alarm Low Low 
TE Temperature Element 
TI Temperature Indicating  
TIC Temperature Indicating Controller 
 

References 
1. Macdonald, D. Practical Hazops Trips and 

Alarms, IDC Technologies, Elsevier; 2004. 
2.  Keletz, T.A. Hazop and Hazan. 4th ed. Taylor 
and Francis; 1999. 
3.  Arendt J.S, Lorenzo D.K. Evaluating Process 

Safety in the Chemical Industry. American Institute 
of Chemical Engineers. New York; 2000. 

www.SID.ir



Arc
hive

 of
 S

ID

The First International Conference Oil, Gas, Petrochemical And Power Plant 

International Conference's Center Of Tehran Olympic Hotel 

8 

 

4. Brunekreef, B. Air Pollution and Human Health: 
From Local to Global Issues. Procedia - Social and 

Behavioral Sciences. 2010; 2(5), pp. 6661–6669. 
5.  Guimaraes ACF, Franklin Lapa CM. Hazard and 
operability study using approximate reasoning in 
light-water reactors passive systems. Nuclear 

Engineering and Design. 2006; 236(12), pp. 1256-
1263. 
6. Mushtaq, F. Chung PWH. A systematic Hazop 
procedure for batch processes, and its application 
to pipeless plants. Journal of Loss Prevention in 

the Process Industries. 2000; 13(1), pp. 41-48. 
7. Labovsk, J., Jelemensk, L. Marko J. Safety 
analysis and risk identification for a tubular reactor 
using the HAZOP methodology. Chemical Pap. 
2006; 60(6), pp. 454-459. 
8. Brown AEP, Buchier PM. Hazard identification 
analysis of a hydrogen plant. Process Safety 

Progress.1999; 18(3), pp. 166-169. 
9. Ramzan N, Compart F, Witt W. Application of 
extended Hazop and event-tree analysis for 
investigating operational failures and safety 
optimization of distillation column unit. Process 

Safety Progress.2007; 26(3), pp. 248-257. 
10. Labovsky J, vandova ZS, Markos J, 
Jelemensky L. Model-based HAZOP study of a 
real MTBE plant. Journal of Loss Prevention in the 
Process Industries. 2007; 20(3), pp. 230-237. 
11. Kohl A, Nielsen R. Gas purification. 5th ed. 
Gulf Publishing Company; 1997. 
12. Mannan S. Lee’s Loss Prevention in the Process 

Industries. Vol 1. 3rd ed. Elsevier Inc; 2005. 
13. Tixier J, Dusserre G, Salvi O, Gaston D. 
Review of 62 risk analysis methodologies of 
industrial plants. Journal of Loss Prevention in the 

Process Industries. 2002; 15(4), pp.291-303. 
14. Faisal I.Khan, Abbasi S.A. Multivariate Hazard 
Identification and Ranking System. Process Safety 

Progress. 1998; 17(3), pp.157-170. 
15. Dennis P, Nolan P.E. Application of HAZOP 

and What-If safety reviews to the petroleum. New 
Jersey. USA: petrochemical & chemical industries; 
1994. 
16. Swann C.D, Preston M.L. Twenty-five years of 
HAZOPs. Journal of Loss Prevention in the 

Process Industries. 1995; 8(6), pp.349-353. 

17. Keletz T.A. HAZOP-past and future. Reliability 

engineering and system safety. 1997; 55(3): 263-
266. 
18. Ericson, Clifton A. Hazard Analysis Techniques 

for System Safety. New Jersey: John Wiley & Sons, 
Inc; 2005. 
19. Dunjo J, Fthenakis V, Vilchez J.A, Arnaldos J. 
Hazard and operability (HAZOP) analysis, a 
literature review. Journal of Hazardous Materials. 
2010; 173(1-3), pp.19-32. 
20. Hyatt N. Guidelines for Process Hazards 

Analysis, Hazards Identification & Risk Analysis. 
Canada: Dyadem Press; 2003. 
21. Laskova A, Tabas M.  Method for the 
Systematical Hazard Identification. Process Safety 

Progress.2008; 27(4), pp.289-292. 
22. Freeman R.A. Process Hazard Analyses of 
Control and Instrument Systems. Process Safety 

Progress.2004; 20(3), pp.189-195. 
23. Schlesinger R.B. Sulfur Oxides. 
Comprehensive Toxicology. Vol 1. New York: 
Elsevier Inc; 2010. pp. 277-290. 
24. Carlsten C, Kaufman J.D. Occupational and 
Environmental Lung Disease. Clinical Respiratory 
Medicine. 3th ed. Elsevier Inc; 2008. pp. 843-851. 
25. Wilson A.M, Salloway J.C, Wake C.P, Kelly T. 
Air pollution and the demand for hospital services: 
a review. Environment International. 2004; 30(8), 
pp.1109-1118. 
26. Fernando A. Wichmann MD, Muller A, Busi 
L.E, Cianni N, Massolo L.et al. Increased asthma 
and respiratory symptoms in children exposed to 
petrochemical pollution. Journal of Allergy and 
Clinical Immunology. 2009; 123(3), pp.632-638. 
27. Bernstein J.A, Alexis N, Barnes C, Bernstein 
I.L.L, Nel A, Peden D.et al. Health effects of air 
pollution. Journal of Allergy and Clinical 
Immunology. 2009; 114(5), pp.1116-1123. 
28. Eizenberg S, Shacham M, Brauner N. 
Combining HAZOP with dynamic simulation-
Applications for safety education. Journal of Loss 

Prevention in the Process Industries. 2006; 19(6), 
pp.754-761. 
29. Mora RL. Sulphur condensation influence in 
Claus catalyst performance. Journal of Hazardous 

Materials. 2000; 79(1-2), pp.103-115.
 

www.SID.ir



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

